| INTRODUC TI ON
Haem oxygenase (HO)-1 is a phase II enzyme that responds to oxidative stress, cellular injury and diseases by metabolizing haem into biliverdin (BV)/bilirubin (BR), carbon monoxide (CO) and ferrous iron. 5 HO-1 is regarded as a survival molecule, as it exerts cytoprotection against various cells in response to stressful conditions. [6] [7] [8] HO-1 is widely recognized to overcome assaults by augmented oxidative stress from chemotherapeutic agents to prevent cancer cells from undergoing apoptosis and even stimulating cell proliferation.
Both protective and detrimental effects of HO-1 were also reported in different diseases, including kidney injury and neurodegeneration. 9, 10 Increasing evidence has shown a dark side of HO-1, as it acts as a critical mediator in ferroptosis and as causative factor in the progression of several human diseases. 5 Elevated HO-1 levels were detected in various human malignancies, indicating its contribution to cancer cell growth, metastasis, and resistance to chemotherapy. 11, 12 In contrast, augmented HO-1 expression enhanced the death of many cancer cells. 13, 14 Emerging evidence suggests another dark side of HO-1 via inducing ferroptosis through iron accumulation. Although the bright and dark sides of HO-1 have been discussed in different studies, the mechanism by which HO-1 augmentation causes protective and cytotoxic activities in cancer cells is still unknown.
Colorectal cancer (CRC) is one of the leading diagnosed cancers with high mortality, and remains a significant global health problem.
Many chemotherapeutic agents, such as taxol and carboplatin, are used to treat CRC; however, there are side effects with chemotherapy that are associated with high mortality and local recurrence at least in part through ROS production. In humans, haem-iron is more bioavailable than non-haem-iron, and unabsorbed haem reaches colon epithelial cells. 15 Previous studies showed that haem is able to irritate the epithelium of the colon as indicated by mild diarrhoea. 16, 17 Feeding haem resulted in significantly increased proliferation of colonic mucosa of rats. 18 This indicates the positive correlation between haem and colon carcinogenesis. 
| MATERIAL S AND ME THODS

| Cells
| Materials
Cobalt protoporphyrin, ferric protoporphyrin (FePP), tin proto- 
| Western blotting
| In vitro morphology
Human CRC cells were grown at a density of 105 cells/well in 24-well plates for 24 hours. Cells were treated with or without CoPP, and cells were fixed with 3.7% formaldehyde. Cell morphological changes were examined under a light microscope.
| DNA fragmentation assay
Cells under different treatments were collected, and then lysed in 100 µL of lysis buffer (50 mmol/L Tris at pH 8.0, 10 mmol/L ethylenediaminetetraacetic acid (EDTA), 0.5% sodium sarkosinate, and 1 mg/mL proteinase K) for 3 hours at 56°C. Then, 0.5 mg/mL RNase A was added to each reaction for another hour at 56°C. DNA was extracted with phenol/chloroform/isoamyl alcohol (25/24/1) before loading. Then, DNA samples were mixed with 6 µL of loading buffer (50 mmol/L Tris, 10 mmol/L EDTA, 1% (w/w), and 0.025% (w/w) bromophenol blue), and loaded onto a 2% agarose gel containing 0.1 mg/mL ethidium bromide.
The agarose gels were run at 100 V for 45 minutes in TBE buffer, then observed and photographed under UV light. 
| Detection of hypodiploid cells by CoPP
| Statistical analysis
Values are expressed as the mean ± SD of triplicate experiments.
The significance of the difference from the respective controls for each experimental was assayed using a one-way analysis of variance (ANOVA) with a post hoc Bonferroni analysis when applicable, and P < 0.05 or P < 0.01 were considered statistically significant. and HCT-15 expressed high sensitivity to CoPP-induced cytotoxicity, compared with WI-38 and NHFL cells. (Figure S2 ).
| RE SULTS
| CoPP's reduction in cell viability via apoptosis was associated with induction of HO-1 protein expression in human CRC cells
Data of the DNA integrity assay showed that CoPP induction of DNA ladders in human colorectal carcinoma cells and the DNA ladder intensity were higher in COLO205, HCT-15 and LOVO cells than 
| The VAD and DEVD caspase inhibitors protected human CRC cells from CoPP-induced cell death
We further examined the role of caspase activation in apoptosis by
CoPP in human CRC cells. Two caspase inhibitors, including the pancaspase inhibitor, VAD, and the specific Casp-3 inhibitor, DEVD, were used in the study. Data of Western blotting indicated that increased Figure 3A) . Results of the MTT assay in Figure 1B and Western blotting in Figure 3A suggested Figure 4C ). Intracellular peroxide levels were measured by a flow cytometric analysis using DCFHDA as a fluorescent probe, and data ( Figure 4D ) showed that intracellular peroxide levels were not altered by CoPP, but were increased by H 2 O 2 in these three cell lines, and NAC showed an ROS-scavenging effect thereby reducing peroxide levels in these cells ( Figure 4D ). These results suggested that
CoPP-induced apoptosis with increased HO-1 protein expression was likely not related to ROS production in human CRC cells. Figure 5C ).
| Differential effects of HO-1-catalysed products including CO, Fe +2 and BV on the viability of human CRC cells
Three products, including CO, Fe +2 and BV, were reported to be in- 
| Induction of ER stress by CoPP and CORM via formation of the HO-1/BiP complex
We further examined if CoPP and CORM affected expressions of ER stress proteins including PERK, eIF2α and BiP/GRP78 in human 
| D ISCUSS I ON
We explored the apoptotic role of HO-1 in human CRC cells in the present study. Haem irritates the epithelium of the colon, resulting in significantly increased proliferation of colonic mucosa of rats, which suggests a correlation between haem and colon cancer formation. The HO-1/BiP complex was examined by immunoprecipitation using an anti-HO-1 antibody followed by Western blotting using an anti-BiP antibody. The intensity of indicated proteins was quantitated with normalization to α-TUB by a densitometric analysis (ImageJ), and expressed as folds of control (C). Data from three independent experiments were obtained, and results are shown as the mean ± SD. **P < 0.01 denotes a significant difference from the control (CON) group
Reactive oxygen species production was identified as a mediator leading to apoptosis, and both ROS-dependent and -independent apoptosis elicited by various agents was reported. Shen et al 26 Colorectal cancer is a leading cause of cancer deaths and is among the most abundant cancer type that occurs in both sexes.
It was shown that early stages of CRC are highly detectable and can be cured with surgical resection followed by standard therapy.
However, survival rates in stage III and IV CRC patients decrease, and recurrence rates range 40%-60% in the first 3 years. In the pres- 
| CON CLUS IONS
To conclude, our results demonstrate that induction of HO-1 contributes to apoptosis through activation of ER stress in human CRC cells. We found that poorly differentiated colorectal cells, such as 
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